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I In nt tr ro od du uc ct ti io on n
Tremor in patients with focal or segmental dystonia is not uncommonly seen in clinical practice but the results of the studies aimed at the assessment of tremor in these types of dystonia are very divergent as they report presence of tremor in 10-85% of the studied population [1] [2] [3] [4] [5] [6] [7] . Two types of such tremor could be discerned, i.e. dystonic tremor (DT), which is observed in the part of the body affected with dystonia, and tremor associated with dystonia (TAD), which occurs in the part of the body not involved in dystonic posturing or dystonic movement.
Dystonic tremor is mostly postural and kinetic, featuring irregular amplitude and variable frequency, usually about 7 Hz [6] [7] [8] [9] [10] . Typical examples of DT include head tremor in torticollis or upper limb tremor in taskspecific dystonia, e.g. writer's cramp. Dystonic tremor may precede the fully blown clinical picture of dystonia for several years or may accompany dystonic movements for all years of the disease.
Tremor associated with dystonia could be exemplified by the hand tremor in torticollis. According to the reports published so far, that type of tremor may have features typical for enhanced physiological tremor (EPT) [11] or even fulfil the diagnostic criteria of essential tremor (ET) [4, 5] . In many cases, tremor does not fulfil all ET criteria and is then called ET-like tremor [1, 3] . Coexistence of dystonia, especially focal dystonia, and ET is known but estimates of its frequency vary. According to the available literature, ET was diagnosed in 3-23% of patients with dystonia, and dystonic features were diagnosed in 0.6-47% of patients with ET [12] [13] [14] [15] [16] [17] .
The aim of this study was to assess incidence and to characterize parameters of tremor accompanying focal and segmental dystonia.
M Ma at te er ri ia al l a an nd d m me et th ho od ds s
Participation in this study was offered to all patients diagnosed with focal or segmental dystonia who were treated either in an out-patient clinic or in the Department of Neurology, University Hospital of Krakow between 2005 and 2009 as well as to the sex-and age-matched healthy persons who accompanied or visited patients in that department.
Inclusion criteria consisted of: age between 18 and 85 and the diagnosis of dystonia according to Fahn criteria [18] . Exclusion criteria comprised: (1) alcohol abuse, either current or in the past; (2) diagnosis of concurrent schizophrenia, depression, dementia or other severe psychiatric disturbances; (3) presence of uncontrolled hyperthyroidism; (4) presence of coexistent serious systemic and metabolic disorders leading to the insufficiency of related organs; (5) history of intoxication with medications or heavy metals, and exposure to toxins; (6) presence of neoplastic or autoimmune diseases; (7) intake of medications possibly related to tremor, such as neuroleptics, glucocorticoids or β-mimetics; (8) history of stroke; (9) Parkinson disease and other neurological disorders that may feature tremor; (10) severe vascular lesions in central nervous system (CNS); (11) posttraumatic lesions or other kinds of lesions that may preclude testing of tremor; (12) acute infectious illness.
The exclusion criterion for controls was a history of any neurological disorder or its signs found in neurological examination.
The protocol of the study was approved by the local Bioethical Committee and all subjects included in the study provided their informed consent to participate.
In all patients and controls, the evaluation included interview, physical neurological examination and the studies of tremor. The interview included demographic data (age and education), previous and present illnesses (including diabetes, arterial hypertension, ischaemic heart disease, hypercholesterolaemia, disease of the liver or kidneys, and malignancies, among others), medications used and their adverse effects, exposure to toxins, cigarette smoking, and genetic predispositions, i.e. family history of degenerative disorders and occurrence of tremor. Patients were subjected to an additional detailed interview related to the data on the underlying disorder, including: age at onset, course of the disease, localization of symptoms -those were the basis for the determination of the form of dystonia (e.g. torticollis, blepharospasm).
In addition to the standard neurological examination, the severity of dystonia was assessed with appropriate scales: (1) The Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) for the assessment of the severity and functional disturbances caused by torticollis; (2) Jankovic Rating Scale for the assessment of the severity of blepharospasm; (3) Function Scale for Patients with Blepharospasm for the assessment of the level of functional disturbances resulting from blepharospasm; and (4) Burke-Fahn-Marsden Evaluation Scale for Dystonia for the assessment of the severity of dystonias other than blepharospasm or torticollis. Clinical evaluation of tremor severity was made using the Simple Tremor Severity Scale (0-4 pts).
The presence and severity of rest tremor was assessed with the observation of hands placed comfortably on thighs with the subject in a sitting position; postural tremor was assessed in the upper limb outstretched in front of the subject and the kinetic tremor was evaluated during the 'finger-nose' manoeuvre and during the drawing of an Archimedes spiral. The frequency of tremor (in Hz) was assessed according to the results of accelerometric testing, and the severity of tremor was evaluated according to the recordings made with a graphic tablet, as the tremor severity index (0-10 scale). Based on the study with an accelerometer, three types of tremor were also discerned: EPT, ET-type, and tremor of another type. Enhanced physiological tremor and ET-type tremor were diagnosed if the tremor frequency spectrum had apparent domination of one peak only. In case of a greater number of peaks, or if the predominant peak could not be identified, tremor of another type was diagnosed. Enhanced physiological tremor and ET-type of tremor were differentiated according to the assessment of the tremor frequency with the accelerometer and simultaneous EMG recording in the outstretched hand before and after the load with a 500-g weight mounted at the level of the wrist. Enhanced physiological tremor was diagnosed if the frequency of tremor in the loaded hand decreased by more than 1 Hz, and ET-type of tremor was diagnosed if no difference in frequency was noted or if the decrease in tremor frequency was smaller than 1 Hz [19] .
Synchronicity of tremor was analysed with the observation of 10-s EMG registration from agonist and antagonist muscles of the forearm. Asynchronicity of agonist and antagonist muscle contraction responsible for the tremor of the hand was diagnosed in case of a marked shift of the bioelectrical activity registered in agonist muscles in relation to the same bioelectric activity of the antagonist muscles in more than 90% of recorded cycles of bioelectric activity of the studied muscles.
Analysis of tremor with the graphic tablet was performed during Archimedes spiral drawing with an electronic pen according to the pattern provided on the tablet. Lateral deviations from the spiral line in X and Y axis, as well as the pressure of the pen (Z axis) were registered and analysed. Presence of upper limb tremor was established according to the presence of the characteristic peak dominant frequency of the spectrum. This method enables the calculation of the dominant frequency of tremor, amplitude of tremor and the coefficient of tremor intensity; it also provides a computerized assessment of tremor severity on a 0-10 scale, where 10 indicates the greatest severity of tremor [20] .
Qualitative tremor analysis with the accelerome ter enables the assessment of tremor in three-dimensional space. This part of the study was performed using a three-axial accelerometer (BIOPACK). The accelerometer was mounted on the proximal phalanx of the third finger with a Velcro band. Registration of tremor took 1.5 minutes. Presence of tremor was established according to the occurrence of the characteristic peak dominant frequency of the spectrum. This method was used to assess frequency and severity of tremor.
Electromyography testing used superficial electrodes mounted in standard leads over wrist flexors and extensors (extensor carpi radialis brevis muscle and flexor carpi radialis muscle) [21] . Registration of tremor took 1.5 minutes. The use of superficial EMG enabled the assessment of synchronicity of the contractions within two antagonist muscle groups, i.e. wrist flexors and extensors. Visual assessment of 10-second EMG recording was done independently by two investigators.
Among patients with writer's cramp, tremor evaluation was performed both in the limb affected with dystonia (writer's tremor) and in the contralateral limb (TAD).
All patients included in the study who were diagnosed with blepharospasm, Meige syndrome or torticollis were treated with botulinum toxin type A (BTX-A, Botox) at least for one year before this study. Doses of 30-60 U were used to treat patients with blepharospasm or Meige syndrome; doses of 100-200 U were used to treat patients with torticollis, according to the number and size of affected muscles and according to the severity of dystonia. Injections were repeated after the disappearance of the clinical improvement related to the previous injections, not more often than every 12 weeks. All patients included in the study benefited from the treat ment with BTX-A. Tremor registration was performed after at least 12 weeks following the last BTX-A injection, directly before the injection of another dose of the medication. Patients with writer's cramp or with lower limb dystonia were not treated with BTX-A. Patients did not use any other treatment for dystonia, e.g. anticholinergics (biperiden), baclofen, benzodiazepines, or levodopa preparations. No surgery was performed to treat dystonia. Patients did not use any medication to treat tremor.
Laboratory tests were performed in all patients to exclude other causes of tremor; they included complete blood count and blood biochemistry, thyroid gland hormones (TSH, T3, T4) and ceruloplasmin concentration.
S St ta at ti is st ti ic ca al l m me et th ho od ds s
Results are provided as means and standard deviations for the given variable. The results were entered into the database, and their analysis used the statistical package Statistica. Student t-test was used for parametric variables, and χ 2 test was used to test categorical variables. P-value < 0.05 was considered statistically significant.
R Re es su ul lt ts s
The study involved 123 patients with dystonia, including 76 women and 47 men, aged between 22 and 85 (mean age 54 ± 16 years), with the disease duration ranging from 1 to 45 years (mean 10 ± 8 years). Cervical dystonia was diagnosed in 52 patients (42.3%), blepharospasm was found in 41 patients (33.3%), upper limb dystonia (mainly writer's cramp) was diagnosed in 14 patients (11.4%), lower limb dystonia (genetically confirmed Segawa dystonia) was found in 5 patients (4.0%), and Meige syndrome was diagnosed in 11 patients (9.0%). For the purpose of statistical analyses, patients with Meige syndrome were included in the group of patients with blepharospasm because of the dominant blepharospasm-related signs. Severity of particular movement disorders, assessed with appropriate scales, is shown in Table 1 .
The following comorbidities were found among the studied patients: arterial hypertension -37 (30.1%), ischaemic heart disease -20 (16.3%), diabetes mellitus -3 (2.4%), arrhythmia -4 (3.2%), hypercholesterolaemia -2 (1.6%), hyperthyroidism in euthyroid subjects at the time of study -2 (1.6%), Crohn disease -1 (0.8%), osteoporosis -1 (0.8%), migraine -1 (0.8%), peptic ulcer of the stomach -1 (0.8%), hypothyroidism in euthyroid subjects at the time of study -1 (0.8%), epilepsy -1 (0.8%), congenital valvular heart disease -1 (0.8%), Barlow syndrome -1 (0.8%), type B viral Tremor associated with focal and segmental dystonia hepatitis -1 (0.8%), and type C viral hepatitis -1 (0.8%). Above-mentioned disorders do not affect the development of dystonia or tremor. According to the clinical assessment (with neurological examination), tremor was present in 60 patients (48.8%) with various clinical forms of dystonia. Tremor was present in similar percentages of patients with all forms of dystonia (see Table 2 for details). Postural tremor was noted in 41 (33.3%) patients, kinetic tremor in 13 (10.6%) patients, and resting tremor in 6 patients (4.9%). Six patients had both postural and kinetic tremor; four patients had both postural and resting tremor (Fig. 1) .
The severity of tremor, assessed clinically with the 4-point Simple Tremor Severity Scale, was as follows: mild tremor (1 point) in 44 (35.8%) patients, moderate tremor (2 points) in 12 (9.8%) patients, and severe tremor (3 points) in 4 (3.3%) patients.
Instrumental assessment of tremor in patients with various clinical forms of dystonia revealed presence of tremor in 80 patients (65.0%) according to the accelerometric evaluation and in 69 patients (56.1%) in pa tients according to the evaluation with the graphic tablet. Tremor was present in similar proportion in all forms of dystonia (see Table 2 ). Among patients with writer's cramp, writer's tremor was found clinically in 7 (50.0%) patients, while tremor accompanying dystonia in contralateral limb was noted in 1 patient (7.1%). In all those patients, presence of tremor was confirmed with instrumental evaluation (EMG, accelerometer, graphic tablet); additionally, tremor accompanying dystonia was recorded in 3 patients (21.4%) in the limb not affected with writer's tremor.
The control group consisted of 51 healthy volunteers (including 19 women and 32 men) aged between 21 and 79 (mean age 55 ± 17); no visible upper limb tremor was found in any of those subjects in neurological examination. Instrumental assessment of tremor among controls revealed presence of tremor in 5 subjects (9.8%) according to accelerometric evaluation and in 4 (7.8%) subjects evaluated with the graphic tablet. Tremor was significantly more common in patients than in controls (p = 0.0001).
Three types of upper limb tremor were identified accelerometrically among patients: postural tremor in 50 (40.7%) patients, kinetic tremor in 19 (15.5%) patients, and resting tremor in 11 (8.9%) patients. Among controls, 4 subjects (7.8%) had postural tremor and 1 person (1.9%) had kinetic tremor; resting tremor was not found in controls. Postural tremor and kinetic tremor were significantly more common among patients with dystonia than in controls (p = 0.002 and p = 0.04, respectively).
Essential tremor-like type of tremor was the most common one (43 patients, 35.0%), while increased physiological tremor was rare (5 patients, 4.1%). It was impossible to categorize tremor into one of the abovementioned types in 32 patients (26.0%) (tremor of other type was diagnosed). Enhanced physiological tremor was diagnosed in 4 controls (7.8%), and in one other person (1.9%) ET-like tremor was diagnosed. Essential tremor-like type of tremor was significantly more common when compared with the control group (p = 0.0004).
Tremor due to asynchronous type of contractions of agonist/antagonist muscles was predominant in patients (89.7%). Tremor frequency in those patients ranged from 2.7 to 14.4 Hz (mean 7.7 Hz). The prevalence of upper limb postural tremor with different frequency range in accelerometric assessment is shown in Figure 2 . No difference in prevalence or severity of tremor among patients with different forms of dystonia was found (p > 0.05).
Severity of TAD, as assessed with the graphic tablet, was mild (range: 1-7, mean: 2.5 [on 1-10 scale]). The dis tribution of coefficients of dystonia severity is shown in Figure 3 . Severity of dystonia on appropriate scales and severity of dysfunction or impairment related to dystonia did not correlate with the severity of tremor (p > 0.05).
In controls, mean frequency of tremor was 9.3 Hz (range: 5.8-12.6 Hz), and the mean coefficient of tremor severity, as assessed with the graphic tablet, was 2.0 (range: 1-3). In all studied controls, tremor due to asyn- 
D Di is sc cu us ss si io on n
In this study, tremor was a common sign accompanying focal and segmental dystonia. In clinical assessment, tremor was visible in about 50% of patients, and instrumental evaluation revealed its presence in about 60% of patients, i.e. in a much greater proportion than among control subjects. The obtained results are within the broad range (10-85%) of prevalence of upper limb tremor, as reported in various studies among patients with dystonia [1] [2] [3] [4] [5] [6] [7] . Our findings are similar to those reported by specialized centres, such as Baylor College of Medicine Movement Disorders Clinic (71% of patients) [4] , Christian Albrechts University in Kiel (60%) [11] or the Neurodegenerative Disorders Centre in Vancouver (40% of patients) [22] . In regional centres, however, the proportion of patients with TAD was 22% [23] . Our patients were recruited from a specialized outpatient clinic for extrapyramidal disorders which gathers patients with a complex clinical picture of the disease (e.g. associated with tremor) or with atypical course of the disease.
Severity of tremor in the studied patients with dystonia was low -in almost one half of the patients it was graded as 2 points on a 10-point scale. Similar low severity of TAD was reported by Deuschl et al. [11] . The severity of tremor did not correlate with the severity of dystonia, level of impairment due to dystonia or with the duration of dystonia. Munchau et al. [24] in a study that analysed clinical relationships between tremor and dystonia presented similar findings, i.e. severity of tremor in upper limbs did not correlate with severity of dystonia, and duration of tremor did not correlate with duration of dystonia.
In our study, patients with dystonia most often presented postural tremor with moderate frequency of 7.7 Hz and with dominant (90%) asynchronous type of contractions of agonist and antagonist muscles. This is in agreement with the data found in the literature that suggest a moderate range of frequency, about 7-8 Hz, as typical for postural tremor accompanying other movement disorders, including dystonia [3, 4, 11] .
Postural tremor, found clinically or instrumentally (33.3% and 40.7% of patients, respectively), was significantly more common among patients with dystonia than in controls (p = 0.002). Kinetic tremor was three times less frequent clinically or instrumentally (10.6% and 15.5%, respectively); resting tremor was the rarest type of tremor (4.9% vs. 8.9%, respectively). Essential tremor-like tremor was found in 54% of patients; EPT was found in 6% of patients only. Among the other 40% of patients, tremor could not be categorized as any of the above-mentioned types. Available literature contains few papers reporting evaluation of the presence of particular types of tremor in dystonia according to the specific analyses, for example using a load test [11, 24] . Authors reporting on that topic only stated that tremor could be EPT [11] , ET [1, 3] , dystonic or non-specific tremor [4, 11, 16, 24] .
Presence of postural tremor in dystonia is explained with the common coexistence of ET, the most common extrapyramidal disorder, found in 5% of the population. Essential tremor was diagnosed in 3-23% of patients F Fi ig g. . 3 3. . Distribution of coefficients of dystonia severity [%] with dystonia [4, 5] . On the other hand, numerous publications confirm the presence of dystonia, especially focal dystonia, in 0.6-30% of patients diagnosed with ET [12] [13] [14] [15] [16] [17] . Lou and Jankovic [15] found the coexistence of dystonia in 47.0% of patients out of 350 patients with ET. Baxter and Lal [12] studied 100 patients with ET and found dystonia in only 12 of them.
In pa tients with dystonia, in whom postural tremor of ET-like type is observed commonly also in body parts not affected with dystonia, the prevalence of family history of postural tremor is higher than expected [3, 4, 11] . Focal dystonia or tremor exists in 26-52% of first-degree relatives of patients with focal dystonia [2] [3] [4] 25] . Greater prevalence of tremor in dystonia might suggest a pathogenetic association between those two movement disorders. An association between ET and dystonia or parkinsonism could result from common genetic susceptibility. Some members of the families with genetically transmitted generalized dystonia related to the DYT1 mutation present with isolated tremor, so-called tremor associated with dystonia gene, which may be an abortive form of dystonia [26] . Studies by Conway et al. [27] using genetic linkage analysis excluded presence of DYT1 mutation on chromosome 1 in familial form of ET. This suggests that the genes responsible for those two clinical entities have separate loci; the association between those two entities is pathophysiological rather than genetic [28] .
Many authors stress the clinical difference between typical ET and upper limb tremor seen in patients with dystonia. According to their observations, tremor in patients with dystonia is more often irregular and asymmetric, and may resemble myoclonus [29, 30] , while ET is usually regular and symmetric [31, 32] . It is not known, however, if those differences are due to separate pathomechanisms of those two types of tremor or if they result from the impact of dystonia on the different clinical forms of accompanying tremor. In our study, 40% of patients assessed instrumentally had so-called 'other type of tremor' which was characterized by irregular amplitude and variable frequency. These are typical features of dystonic tremor described by Jankovic and Tolosa [33] , Deuschl [8] , as well as by Findley and Koller [34] . It might be therefore an abortive form of dystonia clinically invisible as dystonic movement or dystonic tremor. It is further supported by the fact that upper limb tremor observed in patients with upper limb dystonia, e.g. with writer's cramp, was most commonly identified, both clinically (57.1%) and instrumentally, with the accelerometer (78.6%) and with the graphic tablet (71.4%).
The type of postural tremor observed in dystonia has been examined in a few studies, and their results are equivocal. Jedynak [30] showed that the tremor accompanying dystonia has clinical and electromyographic features that differentiate it from ET. Yanagisawa and Goto [35] , on the other hand, described two types of tremor in dystonia according to the findings in EMG with superficial electrodes -rhythmic tremor with the frequency of 5-11 Hz, similar to ET, and non-rhythmic tremor with the frequency of 1-6.5 Hz, that did not fulfil criteria for ET. Many investigators believe that the upper limb tremor observed in dystonia differs substantially from ET, which proves different origin and pathomechanism of that tremor. An electrophysiological study by Münchau et al. [24] supports that view. The authors used electrophysiological studies to compare 11 patients diagnosed with ET with 19 patients with dystonia accompanied with upper limb tremor. They found that latency of impulses registered from antagonist muscle during ballistic wrist flexion movements was longer among patients with ET than in patients with cervical dystonia accompanied with upper limb tremor. Moreover, patients with cervical dystonia accompanied with upper limb tremor exhibited greater variability of presynaptic inhibition between agonist and antagonist forearm muscle than patients with ET, as evidenced by EMG findings. Similar abnormalities in reciprocal inhibition were observed in the unaffected upper limb of patients with writer's cramp [37] and in the unaffected upper limb in patients with torticollis [37] ; those abnormalities were absent, however, in patients with ET in upper limbs [38] .
The pathomechanism of dystonic tremor differs from that involved in TAD. It is believed that the pathomechanism of dystonic tremor is similar to that of dystonia itself -it results from the impaired mechanisms of inhibition at the cortical, subcortical and spinal level, as well as from the impaired sensory perception and integration and from the mechanism of sensorimotor integration. According to Deuschl [39] , dysfunction involves pallido-thalamic connections and leads to the secondary disinhibition of connections within the thalamus and premotor cortex. The aetiopathogenesis of TAD is more complex and differs according to the type of the tremor, i.e. EPT, coexistent ET or ET-like tremor. The pathomechanism of TAD, especially of the ET-like type, is poorly understood and certainly warrants further studies.
C Co on nc cl lu us si io on ns s 1. Tremor as an accompanying sign is much more common in patients with dystonia than in control subjects. This tremor has relatively low severity; postural ETlike tremor is the most prevalent one. 2. Instrumental assessment of tremor enables the registration of tremor in an additional 10-20% of patients, in whom tremor is clinically invisible.
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